Sporotrichosis is a fungal infection caused by the Sporothrix species, which have distinct virulence profiles and geographic distributions. We performed a phylogenetic study in strains morphologically identified as Sporothrix schenckii from clinical specimens in Japan, which were preserved at the Medical Mycology Research Center, Chiba University. In addition, we examined the in vitro antifungal susceptibility and growth rate to evaluate their physiological features. Three hundred strains were examined using sequence analysis of the partial calmodulin gene, or polymerase chain reaction（PCR） method using newly designed species-specific primers; 291 strains were Sporothrix globosa and 9 strains were S. schenckii sensu stricto（in narrow sense, s. s.） . S. globosa strains were further clustered into two subclades, and S. schenckii s. s. strains were divided into three subclades. In 38 strains of S. globosa for which antifungal profiles were determined, 4 strains（11%）showed high minimal inhibitory concentration（MIC）value for itraconazole. All tested strains of S. schenckii s. s. and S. globosa showed low sensitivity for amphotericin B. These antifungals are used for treatment of sporotrichosis when infection is severe. S. schenckii s. s. grew better than S. globosa; wherein S. globosa showed restricted growth at 35℃ and did not grow at 37℃. Our molecular data showed that S. globosa is the main causal agent of sporotrichosis in Japan. It is important to determine the antifungal profiles of each case, in addition to accurate species-level identification, to strategize the therapy for sporotrichosis.
Introduction
Sporotrichosis is a subacute or chronic mycosis that occurs in humans and animals worldwide. This infection is spread lymphatically or hematogenously depending on the immune status of the host, and most often, it presents as a localized lesion with subcutaneous nodules that eventually break through the skin 1−3） .
This disease is caused by a dimorphic fungus, previously described as a single species − Sporothrix schenckii. The species is now recognized as Sporothrix schenckii complex, which comprises three phylogenetic sibling species, namely, Sporothrix brasiliensis, Sporothrix globosa, and Sporothrix luriei, in addition to S. schenckii sensu stricto（in a narrow sense, abbrev; s. s.） , based on phylogenetic studies using DNA sequencing of specific regions of rDNA internal transcribed spacers（ITS）and calmodulin, β -tubulin, and translation elongation factor 1 α genes 4−6） . In particular, the sequence of calmodulin gene has been widely used for taxonomy of Sporothrix species 5） .
These species have distinct virulence profiles and geographic distributions. S. schenckii s. s. and S. brasiliensis are more virulent in mice than S. globosa 7−9） . S. brasiliensis is restricted geographically to Brazil, and S. luriei has only been reported to be isolated from a patient in South Africa. Conversely, S. globosa and S. schenckii s. s. show a global distribution, and they show differences in global frequency as causal agents of the disease 4, 6, 10） . Sporothrix pallida complex, which includes Sporothrix chilensis, Sporothrix dimorphospora, Sporothrix humicola, Sporothrix mexicana, Sporothrix nivea, and Sporothrix stylites, in addition to S. pallida, occupy a distant phylogenetic position from S. schenckii complex and are very rarely identified from clinical origins 5, 10） .
An effective therapy for localized sporotrichosis is a saturated solution of potassium iodide 11） .
Other drugs commonly used are itraconazole （ITCZ）for the treatment of lymphocutaneous infections 12−14） and amphotericin B（AMHB）for severe infections or when ITCZ therapy fails 15） .
Genotyping of S. schenckii complex in Japan has been performed based on restriction fragment length polymorphism of mitochondrial DNA 16, 17） .
Recently, the MAT1-1: 1-2 ratio of S. globosa isolates in Japan was estimated to be 1: 3 18） .
The aim of this study was to reinvestigate the phylogenetic position and the physiological features of the S. schenckii complex from clinical specimens in Japan in order to strategize the treatment for sporotrichosis. We developed polymerase chain reaction（PCR）methods using newly designed primer sets to rapidly discriminate S. schenckii s. s. and S. globosa at the species level, and identified 300 Japanese clinical strains of S. schenckii complex based on sequence analysis of the partial calmodulin gene or using our PCR methods. We also estimated the in vitro susceptibility to antifungal drugs and growth rates of 38 strains of S. globosa, which is more than in previous reports 4, 19） .
Material and methods

Fungal isolates and strains used
In this study, 300 clinical strains isolated from Japanese patients with sporotrichosis, previously identified as S. schenckii using traditional morphological analysis methods and preserved at the Medical Mycology Research Center, Chiba University, were re-examined using molecular methods（Table 1） . . A bootstrap was conducted with 1,000 replications 24） .
Primer design
Four sets of primers were designed to distinguish S. schenckii s. s., S. globosa, S. globosa subgroup I and subgroup II by targeting the partial calmodulin gene region 25） . The particularly highly conserved site at the 3ʼ -terminus in the target region was used to design species-specific primers. The following primers were designed for specific amplification of each species: S. schenckii s. s., SsF1（5ʼ-GCTAACCACTTTTTTTGTTC-3ʼ） and SsR1（5ʼ -TCCAGATCACCGTGTCATA-3ʼ） ; S. globosa, SgF1（5ʼ -GCTAACCTCTTTCTTTGG-3ʼ） and SgR1（5ʼ-TGCCGCGCAACGGGAACCGAG-3ʼ） ; S. globosa subgroup I, Sg1F1（5ʼ -CCGGTCGCCG CCATCGTACT-3ʼ）and SgR2（5ʼ -TACCCGTGCTG CGAATTGCC-3ʼ） ; and S. globosa subgroup II, Sg2F1 （5ʼ -GCACCCGGTCGCCGCCATTT-3ʼ） and SgR2. The degree of sequence identity between the designed primers and the calmodulin gene was analyzed using BLAST search（http://blast. ncbi.nlm.nih.gov/Blast.cgi） . PCR amplification DNA solutions were diluted to 10 ng/µl with distilled water. PCR mixtures were prepared using each primer set, SsF1/ SsR1, SgF1/SgR1, Sg1F1/ SgR2, or Sg2F1/SgR2 primers, and SapphireAmp Fast PCR Master Mix（Takara Bio） . Amplifications for SsF1/ SsR1 or SgF1/SgR1were performed in a Thermal Cycler Dice（Takara Bio）with initial heat activation at 95℃ for 10 min followed by 30 cycles of denaturation at 95℃ for 1 min, annealing at 55℃ for 1 min, and extension at 72℃ for 1 min, and a final extension at 72℃ for 10 min. Amplifications for Sg1F1/SgR2 or Sg2F1/SgR2 were changed to initial heat activation at 96℃ for 10 min followed by 30 cycles of denaturation at 96℃ for 1 min, annealing at 5℃ for 1 min, and extension at 72℃ for 1 min. The entire reaction solution was applied to a 1. 5% agarose gel and separated electrophoretically, and the gels were stained in ethidium bromide prior to visualization using a UV transilluminator.
Culture conditions for antifungal susceptibility tests
Many isolates of S. globosa did not grow at 37 or 35℃ on brain-heart infusion（BHI）agar slants, which were generally considered suitable for analysis of antifungal profiles in yeast phase. Even after successful subculture, some isolates did not grow sufficiently for identification in antifungal susceptibility tests after culture at 35℃ for 72 h, and extension of culture period was not appropriate for tests following the antifungal susceptibility method（antifungal profiles were quite different particularly for those in which the endpoint was defined as 50% growth inhibition） . Therefore, we selected S. globosa strains growing on BHI agar slants at 35℃, and culture conditions were further analyzed with fixed culture period at 72 h: BHI agar slant at 35℃（subculture）with culture at 35℃ for 72 h; PDA slants at 25℃（subcul-ture）with culture at 35℃ for 72 h, PDA slants at 25℃（subculture）with culture at 30℃ for 72 h. T; ex type. S-Africa; South Africa.
Antifungal susceptibility
Minimal inhibitory concentration（MIC）and minimal effective concentration（MEC）of antifungal agents against the isolated fungi were measured using the microdilution method, based on the Standardized Clinical and Laboratory Standards Institute M38-A2 Method（CLSI M38-A2） for filamentous fungi 26） with a slight modification （temperature was adjusted to 30℃） . Microtiter plates （Dry Plate; Eiken Chemicals, Tokyo, Japan） containing lyophilized antifungals that were serially diluted two-fold were used according to the manufacturerʼ s instructions. Forty-seven strains were subcultured on PDA slants for 7 days at 25℃. The inoculum suspension was adjusted to 2 × 10 4 cells/ml in RPMI 1640 broth, added to the microtiter wells at 0. 1 ml, and then incubated at 30℃ for 72 h. Visual examination of growth inhibition was performed. The MIC endpoint for AMPH, ITCZ, and voriconazole（VRCZ）was defined as the lowest concentration that produced complete inhibition of growth, and for flucytosine（5-FC） , fluconazole （FLCZ） , and miconazole（MCZ）as the lowest concentration that produced 50% growth inhibition. The MEC for micafungin（MCFG）was de-
Fig. 1．Neighbor-joining tree based on partial calmodulin gene sequences for Sporothrix schenkii conplex and related species. Bootstrap based on 1,000 samplings supporting the internal branches with a probability of 50% or higher are shown.
fined as the lowest concentration that reduces fungal growth compared to controls.
Growth rates
In order to study thermotolerance, 45 isolates were inoculated on PDA plates and incubated at 30, 35, and 37℃ in the dark for 3 weeks. The petri dishes were inoculated with 10 µl of the conidial suspension, which was adjusted to 2 × 10 4 cells/ml for each isolate and then placed upside down. The colony diameters（in mm）were measured after 21 days of incubation.
Results
Sequence analysis
New sequences were deposited in the DNA Data Bank of Japan（DDBJ） , and the accession numbers are shown in Table 1 , Fig. 1 shows the phylogenetic tree of S. schenckii s.s., S. globosa, and related species based on the partial calmodulin gene sequences. S. schenckii s.s. strains and S. globosa strains were clustered together in each monophyletic clade, supported with high bootstrap values. Forty-seven of 56 clinical strains in Japan were clustered with S. globosa. Moreover, these isolates were divided into two highly supported subclades: S. globosa I and S. globosa II by Yu et al.（2013）
25） . S. globosa I consisted of 36 strains, while S. globosa II consisted of 11 strains. S. schenckii s. s. clade, including nine Japanese strains and reference strains, were divided into five subclades, AFLP schen A-E reported by Zhang et al.（2015） 10） and Japanese strains were clustered with AFLP schen A（2 strains） , C（1 strain） , and E（6 strains） . PCR using newly designed specific primers Using the SsF1/ SsR1 primer set designed for S. schenckii s. s. or the SgF1/ SgR1 primer set designed for S. globosa, we subjected 251 strains to PCR-based assay, and amplification products of approximately 400 bp or 100 bp were detected for five strains of S. schenckii s. s. or 246 strains of S. globosa, respectively（Fig. 2） . No PCR products were obtained for other species of Sporothrix. Using the Sg1F1/ SgR2 primer set designed for S. globosa I or the Sg2F1/ SgR2 primer set designed for S. globosa II, we subjected 246 strains to PCR-based assay, and amplification products of approximately 300 bp were detected for 205 strains of S. globosa I and 41 strains of S. globosa II. Sequences of all strains of S. schenckii s. s. were determined.
Antifungal susceptibility
The outcomes from three tested conditions did not differ substantially and did not show any specific tendencies. Therefore, we chose the following standardized conditions for our antifungal susceptibility tests: PDA slants at 25℃（sub-culture）with culture at 30℃ for 72 h. The MIC or MEC of antifungal agents against the strains are listed in Table 2 .
Growth rates
The growth rates of the strains are listed in Table 3 . S. schenckii s. s. grew better than S. globosa especially at 35℃ and 37℃. The colonies of S. schenckii strains when grown on PDA attained a diameter of 19-25 mm at 35℃ in 21 days, while growth rate of S. globosa strains was restricted and classified into three patterns: no growth, slight growth, and a diameter of 8-16 mm. In addition, all tested S. globosa strains did not grow at 37℃.
Discussion
The Sporothrix species show differences in global frequency as causal agents of the disease. In East Asia, S. globosa is the main endemic species, while in America, Australia, and South Africa, S. schenckii s. s. is the main species, and S. braziliensis is the main species in Brazil 10） . Our phylogenetic analysis based on sequence analysis and PCR method showed that 291 of the 300 clinical strains in Japan were clustered with S. globosa, which were further subdivided into two subgroups. S. globosa subgroup I（241 strains） was significantly more frequent than subgroup II （50 strains） . The endemicity of S. globosa subgroup I and II in Japan was similar to that in China 25） , while S. globosa isolates from Brazil were homogenous 10） and belonged to only subgroup I in our analysis. It may be related to areal differentiation of S. globosa. Meanwhile, it is notable that 9 of the 300 Japanese clinical isolates were clustered with S. schenckii s. s., while all isolates in China were entirely clustered with S. globosa 25, 27） . Zhang et al.
（2015）
10） reported that S. schenckii s. s. were divided into five subclades, AFLP schen A to E, using phylogenetic analysis based on concatenated calmodulin and translation elongation factor -1 and -3 genes. We also observed grouping into these subclades in our study based on only the calmodulin gene, which is widely used for taxonomy of Sporothrix species 5） . Six of the 9
Japanese strains were clustered with AFLP schen E, including the type strain of S. schenckii s. s., while most strains in South and Central America were clustered with AFLP schen A. Genotypes of S. schenckii s. s. also seem to be related to geography. There were no clear relationships between genotypes（S. globosa subgroup I, II or S. schenckii s. s.）and geography in Japan or clinical forms, since clinical course is also affected by immune status of the host. From a review of literature, we found that conditions for antifungal susceptibility tests generally vary substantially. For example, Marimon et al.
11） , who evaluated S. schenckii species complex, estimated the antifungal profiles for sibling species at 30℃ for 72 h（subculture on PDA at 30℃） . In Japan, an epidemic of sporotrichosis has not occurred in decades, but sporadic cases have been reported in the northern district where sporotrichosis is considered to occur very occasionally because of severe coldness or snow in winter, which is supposed to be caused by global warming. In addition, cats are very popular companion animals in Japan, and sporotrichosis caused by S. brasiliensis, which is significantly associated with cat-transmission 10） , may occur in Japan because of the development of international distribution, like in the case of tinea corporis by Arthroderma benhamiae from rabbit. Additionally, Sporotrichosis can become more frequent or severe because of the increasing population of aged people or immunocompromised patients. Therefore, sporotrichosis is important as a reemerging or imported infectious disease. Worldwide, sporotrichosis is an epidemic that needs attention in accordance with the geography of the species. The antifungal susceptibility test showed that the test conditions and assessment criteria for Sporothrix have not been established yet, and our result suggests that clinical forms of sporotrichosis may be different between species because of their difference in thermotolerance. Future studies are required to analyze clinical cases based on molecular phylogeny. In this study, we reinvestigated the phylogenetic position of S. schenckii complex of Japanese clinical strains, as well as their physiological features. In the treatment of infectious disease, detecting the etiological agent to the species level is essential because accurate diagnosis is very important not only for clinical treatment but also for the epidemiology. We believe that PCR using our newly designed primer sets for identification between S. globosa and S. schenckii s. s. is very useful as it is simple and rapid compared to traditional species-level identification based on sequence analysis, which is time consuming and expensive.
